instilling a weak collagenase type II solution. Cell growth was best when cultures were grown in plates coated with either fibronectin or laminin. Several commercially available media supported the growth of these cells Endothelial cells were obtained from white-tailed deer carotid arteries and umbilical vessels by when supplemented with a commercially available endothelial growth supplement and 10% fetal calf serum. Cells obtained could be characterized as endothelium by ultrastructural characteristics and by the uptake of fluorescent acetylated low-density lipoprotein. Cells stained positive for factor VIII-related antigen up to passage 2, but staining was inconsistent by passage 3, and no immunoreactivity could be demonstrated after passage 4.
Infection of white-tailed deer (Odocoileus virginwith 6 ml HBSS into a centrifuge tube containing 4 ml Dulianus) with either bluetongue virus or epizootic hempathogenesis of these viruses. The isolation and culture orrhagic disease virus results in a similar clinical disease, which has been called hemorrhagic disease. 5 The of endothelium from large vessels has been described pathogenesis of hemorrhagic disease in deer is associated with the replication of these viruses in endothelial cells.
for several species 1, 7 The availability of white-tailed deer (WTD) endothelial cell cultures could be helpful from 2,3 but not for WTD. The purpose of a diagnostic standpoint for the isolation of these viruses from naturally infected deer. These cultures might this study was to develop a simple procedure for the also be useful for in vitro studies pertaining to the isolation and culture of endothelial cells from large vessels of WTD. becco's modified Eagle medium with sodium bicarbonate (DMEM) a and 10% fetal calf serum (FCS). The tube was trypsin/ethylenediaminetetraacetic acid. a Cultures were fro-centrifuged at 200 x g for 10 min. The pellet was resuspended with 1 ml of DMEM supplemented with 10% FCS, 20 zen at µg/ml endothelial cell growth supplement from bovine pi--180 C as either first, second, or third passage cultures tuitary (EGF), a L-glutamine a (final concentration 2 mM), and antibiotics (50 units penicillin/ml, 5 µg streptomycin/ml, 12 µg amphotericin B/ml). a Cells were seeded in a single 25-cm 2 flask precoated with fibronectin a (3 µg/cm 2 ), which contained using either 10% (v/v) sterile glycerol or serum-free freezing 9 ml of the same supplemented DMEM, and then incubated at 37 C in 5% CO 2 . Cells were passaged using trypsin or medium with dimethylsulfoxide (DMSO) b as a cryopreservative solution at 1 x 10 6 to 1 x 10 7 cells/ml.
Characterization of endothelial cells. Factor-VIII-related antigen (FVIII-RAg) was detected by both a quick staining Materials and methods Isolation of WTD endothelium. Large vessel endothelium was collected from the carotid arteries of adult female WTD and from the umbilical vessels of approximately 6-monthold fetuses. Approximately 15-cm lengths of carotid artery and umbilical cord were removed and placed in 4 C sterile Dulbecco's phosphate-buffered saline solution (DPBS) a within 1 hour of death. The vessels of the umbilicus were then separated and dissected free of surrounding soft tissue. The vessels were flushed free of blood with sterile DPBS. Then 1 end was clamped, and the vessels were filled with a weak collagenase type II solution (100 U/ml) in Hanks' balanced salt solution (HBSS) a until the vessel began to bulge (3-6 ml). The infused vessels were placed in a water bath of DPBS and incubated at 37 C for 30-45 min. The vessels were flushed labeled avidin-biotin (LAB) method containing swine antirabbit and an indirect fluorescent antibody (IFA) technique. For the LAB technique, cytocentrifugation preparations were made each time cells were passaged. Cytocentrifugation preparations of WTD umbilical vein or carotid artery, horse pulmonary artery, or canine pulmonary artery endothelial cells (all obtained at necropsy by scraping the vessel) were used for positive controls. Cytocentrifugation preparations of baby hamster kidney (BHK-21) cells d and Vero cells d were used as negative controls. Cytocentrifugation preparations were fixed in cold acetone for 2 min, and endogenous peroxidase activity was quenched with methanolic hydrogen peroxide for 20 min. Primary antibody, rabbit anti-human FVIII-RAg, c was incubated on the cells for 3 min at room temperature. The remainder of the technique was as instructed in the staining kit. Diaminobenzidine c was used as the chromogen, and the cells were counterstained with hematoxylin.
From the Department of Pathology (Howerth) and the South-For the IFA technique, cells were grown in &chambered, eastern Cooperative Wildlife Disease Study Department of Parasi-fibronectin-coated slides. Bovine pulmonary artery endothetology (Stallknecht), College of Veterinary Medicine, University of lial (CPAE) cells d and BHK-21 or Vero cells were used as Georgia, Athens, GA 30602. positive and negative controls, respectively. Slides were fixed Received for publication June 8, 1994. in cold acetone for 2 min. Then primary antibody, rabbit anti-human FVIII-RAg, c was incubated with the cells for 30 min at room temperature. Following 3 washes in PBS, the cells were incubated with goat anti-rabbit IgG (whole molecule) b diluted 1:80 in PBS with 3% Fraction V bovine serum albumnin b for 30 minutes at room temperature. The cells were washed with PBS and examined with an epifluorescent microscope.
Live cells grown similarly to those for the indirect fluorescent antibody test were incubated with acetylated lowdensity lipoprotein (DiI-Ac-LDL) labeled with 1,1'-dioctadecyl-1-3,3,3',3'-tetramethyl-indocarbocyanine perchlorate (rhodamine) e (10 µg/ml) for 4 hr at 37 C. The cells were washed with PBS and examined with an epifluorescent microscope to determine uptake of the DiI-Ac-LDL. CPAE cells and BHK-21 or Vero cells were used as positive and negative controls, respectively.
For transmission electron microscopy, cells were scraped from flasks and pelleted by centrifugation at 200 x g for 10 min. The resulting pellet was fixed in a mixture of 2% paraformaldehyde, 2% glutaraldehyde, and 0.2% picric acid in 0.1 M cacodylate buffer (pH 7.2-7.4) and then refixed in osmium tetroxide, dehydrated in graded alcohols, and embedded in Spurr's epoxy resin. Thin sections were stained with uranyl acetate and lead citrate and examined with a transmission electron microscope.
Extracellular matrices as substrates. Four different extracellular matrices were evaluated: 1) fibronectin (3 µg/cm 2 ), a 2) laminin (1.25 µg/cm 2 ), a 3) collagen type 1 from calf skin (2 µg/cm 2 and 10 µg/cm 2 ), a and 4) plastic with no additional treatment. Fibronectin and laminin were incubated on plates for 45 min at room temperature, and then the remaining fluid was poured off. Collagen was allowed to air dry on the plates overnight. Frozen second passage umbilical vein and carotid artery cells were thawed in a 37 C water bath and used as third passage cells. Cells were diluted in DMEM with 10% FCS and 20 µg/ml EGF and seeded in 12-well plates. For each time point, duplicate wells for each treatment group were trypsinized and counted using a standard hemacytometer. Medium effects. Four different commercially available media were used for umbilical vein endothelial cells: 1) DMEM with sodium bicarbonate;" 2) McCoy's 5A with sodium bicarbonate and without L-glutamine; a 3) L-15 without L-glutamine and with 10 mM Hepes buffer; a and 4) RPMI-1640 with sodium bicarbonate and without L-glutamine. a For carotid artery endothelium, medium 199 with Earle's salts and sodium bicarbonate and without L-glutamine a was substituted for RPMI. All media were supplemented with L-glutamine (final concentration, 2 mM), 10% FCS, and 20 µg/ ml EGF. Third passage cells derived from frozen second passage cells were seeded in 12-well plates coated with laminin (1.25 µg/cm 2 ). At 24-hr intervals, duplicate wells for each treatment group were trypsinized and counted using a standard hemacytometer.
Results

Isolation and characterization of endothelial cells.
Endothelial cells isolated by this method were flushed from vessels as large sheets of cells ( Fig. 1) . Contamination with fibroblasts and smooth muscle cells was not seen microscopically. Within 24 hours, cells could be observed growing out from sheets of isolated endothelial cells that had attached to the primary flasks ( Fig. 1) . Confluent monolayers formed within 7 days in primary flasks and on subsequent passages. Following enzymatic disassociation, cells in primary flasks came off quickly (usually in 1-2 minutes) and in large sheets. With subsequent passages cells became more tightly adherent, enzymatic digestion took longer, and cells came off individually. Cells obtained from umbilical vessels had diminished viability and would not form monolayers past the sixth passage, whereas those obtained from carotid artery had good viability for numerous passages (up to passage 30). Confluent monolayers were passaged by splitting at a ratio of 1:3.
In primary flasks, the umbilical vessel and carotid endothelium grew out from adherent sheets of cells as plump bipolar elongate cells similar in appearance to the cells forming the isolated cell sheets (Fig. 1) . Primary cultures were composed of plump bipolar elongate cells that gave the cultures a slight cobblestone appearance at confluency; cells never grew over each other (Fig. 2) . On subsequent passages, individual disassociated cells adhered and became polygonal with long cytoplasmic processes (Fig. 3) . Short processes extended from the polygonal cell body as cells approached each other, forming intercellular bridges. The polygonal cells lost their angularity as cell density increased and eventually became plump bipolar elongate cells similar to those in primary flasks as cultures approached confluency (Fig. 4) . After passage 6, the morphology of the carotid cultures began to change: cytoplasmic volume increased, and the cells became more polygonal with perinuclear granularity. These cells were admixed with a few polygonal giant cells. Cells never grew in layers and appeared to form a true monolayer.
By electron microscopy, umbilical and carotid cells were similar in appearance. Cells were joined by rudimentary intercellular junctions. There was abundant pinocytotic activity, cytoplasmic filaments were numerous, and multivesicular bodies and centrioles were often observed (Figs. 5,6 ). Weibel-Palade bodies were not observed. The features were similar to those of endothelium lining WTD vessels in vivo (Fig. 7) .
Staining for FVIII-RAg was inconsistent for both umbilical-and carotid-derived endothelial cells. Up to passage 2, cells stained for FVIII-RAg, but by passage 3, immunoreactivity was variable, and no immunoreactivity could be demonstrated after passage 4. Staining for FVIII-RAg was diffuse throughout the cytoplasm of the isolated endothelial cells and less intense, by both the immunoperoxidase and IFA techniques, than that seen in horse, dog, or bovine endothelial cells. The uptake of fluorescent DiI-Ac-LDL was consistent for both endothelial cells derived from umbilical vessels and those derived from carotid arteries (Fig. 8) . This property was retained through passage 4. Subsequent passages were not tested.
Effects of extracellular matrices as substrates. The growth of endothelial cells derived from both umbilical vein and carotid artery was rapid and similar on fibronectin and laminin matrices (Fig. 9 ). On these matrices, cells rapidly formed a complete monolayer. Cells never reached a complete monolayer on uncoated plates, and large intercellular gaps remained. Cell growth was virtually nonexistent on collagen-type-1coated plates. The morphology of cells grown on fibronectin-and laminin-coated plates was similar to that seen in primary flasks, whereas cells on uncoated and collagen-type-1-coated plates were more stellate and had a ragged outline. Figure 9 . Cell growth curves for passage 3 white-tailed deer umbilical artery endothelial cells using various extracellular matrices as substrates. Fibronectin (3 µg/cm 2 ), laminin (1.25 µg/cm 2 ), and collagen type 1 (2 µg/cm 2 ). Effects of different media. For umbilical cells, cell replication was fastest, a monolayer was achieved first, and cell numbers were highest with McCoy's medium (Fig. 10) . Cell replication was slower with L-15 and DMEM, but monolayers did form. Despite the fact that the L-15 medium turned yellow, indicating poor buffering, cell replication was better with this medium than with DMEM. Cell morphology was similar with all 3 media; cell appearance was similar to that of primary cultures. Cells plated with RPMI died within 3 days. For carotid artery endothelium, higher cell densities were obtained and cell numbers were maintained longer with medium 199 (Fig. 11) . Cell growth and maintenance were similar with McCoy's and DMEM; cell density was lower and maintenance was shorter with L-15.
Discussion
Endothelial cells were successfully isolated and cultured from large vessels of WTD. Fibronectin-or laminin-coated plates supported rapid cell growth with the highest cell densities. Several different commercially available media supplemented with EGF and 10% FCS supported growth and maintained the cells. Carotid endothelial cells derived from vessels of adult deer were viable for more passages than were those from umbilical vessels. Although not quantified, serum-free medium with DMSO was superior to medium with glycerol as a cryopreservative.
Flow cytometry recently has been used to obtain pure cultures of endothelium. 6 This technique should be seriously considered as an option by those who attempt the isolation of deer endothelial cells. Cells labeled with fluorescent DiI-Ac-LDL could effectively be used for this purpose.
Uptake of fluorescent DiI-Ac-LDL and transmission Figure 11 . Cell growth curves for passage 3 white-tailed deer carotic artery endothelial cells using various commercially available media supplemented with 10% FCS, endothelial growth factor (20 µg/ml), and L-glutamine. electron microscopy (TEM) identified deer endothelial cells most consistently. The technique for the uptake of DiI-Ac-LDL, which is based on the receptor-mediated uptake and metabolism of the lipoprotein by endothelial cells, 4 was easy to perform and labeled endothelial cells more consistently than did the FVIII-RAg techniques. Deer endothelial cultures viewed by TEM had readily identifiable characteristics.
Staining for FVIII-RAg in endothelial cells diminished with each passage and could not always be consistently demonstrated by either the immunoperoxidase method or the IFA technique. Of the 2 techniques, the IFA technique was more consistent and easier to perform. Factor VIII-RAg has been the principal marker for identifying endothelium, but endothelial cells derived from different species display variable amounts of immunoreactivity for this glycoprotein. 9 For example, bovine and human cell lines stain for FVIII-RAg activity, but porcine cells lose this property after 2 passages. 8 Therefore, it is not perplexing that our deer endothelial cells lost immunoreactivity. In addition, although the anti-human FVIII-RAg we used stained deer endothelium, staining was less intense in deer endothelium than in endothelium from other species. Thus, failure of staining may have been partially due to poor immunoreactivity of this particular antihuman FVIII-RAg with deer factor VIII, and alternative anti-FVIII-RAg products should be evaluated.
